back of this report, lists the USGS station number, the associated land use, the drainage area, and the sampled years for each sampling site. Sites were selected on the basis of uniformity of land use in the drainage basin, hydraulic factors allowing an adequate stagedischarge rating to be established, maximization of catchment size while maintaining reasonable uniformity of land use, accessibility, and the safety of those collecting the samples. Runoff sampled at sites 1A and IB is assumed to be representative of runoff from agricultural and vacant land within the city limits. Site 1A is located at Pheasant Creek in the northeastern part of Davenport. Site IB is located at Duck Creek, about 0.5 mi west of Davenport. The larger drainage areas for agricultural and vacant land tends to minimize effects caused by runoff from individual agricultural practices or crop types and provides a runoff sample containing constituents from a variety of agricultural activities. The streams at sites 1A and IB had flow throughout the sampling period, but care was taken to sample storm runoff, not base flow, and still comply with the sampling guidelines. Storm water runoff samples were not collected until distinct changes in the color, pH, temperature, and specific conductance of the discharge had been observed.
Site 2 samples are considered representative of runoff from residential land. The drainage basin, which is located in northcentral Davenport, is composed mostly of lowand moderate-density residential areas. At site 2 there was little or no flow in the channel except during or immediately following rainfall.
Site 3 runoff drains from a commercial area in central Davenport. The commercial land is mostly parking areas associated with small retail and service establishments. At site 3, unless it was raining or it had just finished raining, there was no flow in the channel. During periods of no flow, there was no water in the channel except for a small amount that might remain for a few days in pools just downstream from the outfalls.
Site 4 runoff samples are considered to be characteristic of runoff from parks and wooded areas. The site is located at McManus Creek in southwest Davenport. In addition to parks and wooded areas, the drainage basin includes sparsely-populated residential land mostly used for single-family homes with large wooded lots, agricultural and vacant land, and the Mississippi Valley Fair Grounds. At site 4, discharge not associated with storms was minimal, and samples were collected only after changes in color, stage, pH, temperature, and specific conductance indicated that stormwater runoff had diluted and displaced the water in the pool just downstream from the outfall.
Site 5 is located in southwest Davenport on an open channel upstream from two 48-in. diameter culverts. Intensive industrial activity has occurred in southwest Davenport along the Mississippi River for several decades. Present and previous industrial activities include battery manufacturing, locomotive works, foundries, scrapyards, and a railroad shipping terminal. Samples are considered representative of runoff from industrial land use in Davenport. At site 5, all discharge was associated with storms, but during the usual condition of no flow there was water pooled in the channel. Samples were not collected until storm-runoff discharge had greatly mixed with or displaced the pooled water as indicated by changes in color, pH, and specific conductance.
Data Collection
At each of the sampling sites, data loggers recorded water-level and rainfall information. Water levels were measured in a stilling well connected to the channel. Manual discharge measurements made periodically during and between storm events were used to develop a stage-discharge relation for each site. This information allowed flow to be determined for specified stream stages.
Rainfall was measured in 0.01-in increments by a tipping-bucket rain gage. At sampling sites 1 A, IB, 3, and 5, rain gages were mounted on the tops of the instrument shelters. At sites 2 and 4, they were installed on towers to prevent interference from nearby trees. The rainfall information is used to document the sampled storm characteristics and the preceding 72-hour dry period.
All equipment used for sample collection and processing was washed in succession with tapwater and phosphate-free detergent, tapwater, deionized water, and methanol. Items were air dried and covered with aluminum foil until they were needed. Flow in the channel was considered to be well-mixed, and cross sections were only a few feet wide, so samples were collected by lowering the appropriate bottle into the centroid of flow near the middle of the channel.
Grab samples were collected within the first hour of the runoff event. Before the grab samples were collected, a field test was made for residual chlorine in the stormwater runoff. Residual chlorine was only detected once, at site 4 on October 8,1992, at an approximate concentration of 0.1 mg/L. When this occurred, the volatile organic compounds (VOC) samples were collected as usual, but sodium thiosulfate was added to some of these samples and additional VOC samples were collected which did not receive any preservatives.
Discrete samples for flow-weighted compositing were collected at about 15-minute intervals either manually or by automatic sampler. If runoff from the storm continued for more than 3 hours, samples were collected only during the initial 3 hours of runoff; otherwise, runoff from the entire storm was sampled. Most discrete samples were collected manually by lowering 4-liter bottles into the stormwater runoff.
The automatic samplers were installed at two of the sampling sites. After runoff samples were collected at these two sites, the samplers were moved to two sites where samples had not been collected during the previous 30 days. Polytetrafluoroethylene tubing, through which water was pumped from the channel to the sampler, remained at each site. Each time a sampler was moved, the internal tubing was washed in succession with tapwater and phosphate-free detergent, tapwater, deionized water, and methanol. The automatic sampler then was connected to the next site-dedicated tubing, and water from the channel was pumped through the tubing and the sampler. The automatic sampler was programmed to begin collecting three 2.8-liter samples at 15-minute intervals when water levels in the channel increased to a programmed height. When the specified height was reached, the sampler performed one rinse cycle with stormwater runoff before collecting samples. The intakes for the automatic samplers were installed in the middle of the channels. By collecting the first three 15-minute discrete samples when activated, the automatic sampler allowed sampling crews approximately 1 hour from the beginning of runoff to arrive at the site and begin manual sampling to collect the remaining discrete samples.
The discrete samples collected at 15-minute intervals from runoff were used to produce a flow-weighted composite sample. Using the stage-discharge relation at each site, the ratio of flow at the time each discrete sample was collected to the sum of the flows at the times each sample was collected was determined. Next, the appropriate volume of each discrete sample was calculated to prepare a composited sample volume of 12 L. The calculated volume from each discrete sample was poured into a graduated cylinder and transferred to a glass bottle while being stirred on a magnetic stir plate in a laboratory. A polytetrafluoroethylene-covered stir bar continuously mixed the composited sample, from the beginning of the compositing process until the final subsample had been withdrawn. Subsamples were withdrawn with a peristaltic pump, placed in appropriate sample bottles, preserved with the appropriate preservative, and submitted for analysis.
STORET, for storage and retrieval of constituent data for United States waterways.
Sample Analysis
Most samples collected for this study were analyzed by the USGS National Water Quality Laboratory (NWQL) in Arvada, Colorado, using the methods (Wershaw and others, 1987; Fishman and Friedman, 1989) prescribed by the USEPA (Code of Federal Regulations, 1990) . The pH and temperature of the grab samples were determined at the sampling sites. Colony densities of fecal coliform and fecal streptococci in the grab samples were determined at USGS Iowa City facilities using membrane-filter methods described in Britton and Greeson (1989) . An investigation of the methods used to determine total nitrite and nitrate nitrogen and total ammonia nitrogen concentrations showed that the methods determined only dissolved concentrations (U.S. Geological Survey, Office of Water Quality, Technical Memorandum 93.04, December 2,1992). This occurred because the nitrogen on the particulates in the unfiltered samples was not detected; the methods did not include a digestion procedure to remove the nitrogen species from the particulates because this would alter the nitrogen species (C J. Patton, NWQL, oral commun., 1993) . Because nitrite, nitrate, and ammonia ions are extremely soluble and very little nitrogen is removed by filtering (C.J. Patton, NWQL, oral commun., 1993), the reported total concentration would be very close to the actual total concentration. Throughout this report, the concentrations for the stormwater runoff samples are considered to be for total nitrite and nitrate nitrogen and total ammonia nitrogen.
Five-digit Water Data Storage and Retrieval System (WATSTORE) parameter codes, which are used to store and retrieve values in and from the USGS computerized data base, are supplied for each constituent. The parameter codes conform to those used by the USEPA's data base,
Quality Assurance
Field and laboratory quality-assurance samples are important to assess the validity of analytical results. Duplicate and replicate samples were submitted to investigate the precision of the analytical results and to check sample handling in the field and the laboratory. Trip blanks, field blanks, sampler blanks, and composited blanks were submitted to determine possible sources of contamination during transportation, collection, or processing.
Precision is the measure of the variability of individual sample measurements. NWQL precision was tested by submitting duplicate sets of grab samples and replicate sets of the composited samples. On August 25 and on October 31,1992, two sets of grab samples were collected concurrently at sites 1A and 2, respectively. These duplicate samples would be expected to have the same concentrations within the limits of the analytical methods.
Replicate composited samples were submitted for samples collected on August 25, 1992, at site 1A; on October 31,1992, at site 2; and on August 18,1994 at site 5. These replicate samples were produced by preparing two separate sets of subsamples from the same composited sample. For example, the discrete samples collected at site 1A on August 25,1992, were used to produce 20 liters of composited sample. From this 20 liters, two complete sets of subsamples, the field samples and the fieldsample replicates, were submitted to NWQL. This procedure was repeated for the October 31, 1992, and the August 18,1994, samples. Again, the differences between concentrations are expected to be within the limits of the analytical methods.
In 1992, three sets of VOC trip blanks were submitted for analysis. The trip blanks were prepared by the USGS Quality Water Service Unit in Ocala, Florida, by filling clean bottles with certified organic-free water and capping the bottles. After this, the trip blanks accompanied the sample VOC bottles throughout field activities. The trip blanks were sent from Ocala to the USGS Iowa City office with the empty VOC bottles, were stored with the empty VOC bottles, accompanied the empty bottles to the sampling sites, and were sent to NWQL with the filled sample bottles. This way, the trip blanks were exposed to the same conditions as the samples and any possible sources of VOC other than the stormwater runoff might be identified.
To determine if sample collection and shipping procedures could be producing detectable contamination in the grab samples, one set of field blank samples were prepared in 1994 in the Iowa District by filling bottles with water with less than detectable concentrations of the substances being analyzed for, adding preservatives, and sending the samples to NWQL, as usual.
In 1992, a set of field blanks from each of the automatic samplers and two sets of composite sample blanks were submitted to investigate possible sample contamination from cleaning techniques and compositing procedures. The automatic sampler field blanks were produced by pumping water with less than detectable concentrations of the constituents of interest through the samplers and filling sample bottles. This was done at the sampling sites, using the same procedures and cleaned equipment used to retrieve stormwater runoff samples. The composited blanks were produced by processing, as described earlier in the report, the clean water as though it were stormwater runoff. Clean compositing equipment, which includes the discrete sample bottles, the graduated cylinders, and the peristaltic pumps, was used to prepare the 1992 and 1994 composited blanks.
DESCRIPTION OF SAMPLED STORMS AND PRECIPITATION
Information about the storms sampled during 1992 and 1994, is listed in tables 3 and 4, respectively, at the back of this report. The tables include the date and duration of the storm sampled, an estimate of the amount of rainfall that generated the sampled discharge, peak rainfall intensity from the beginning of the storm until the last sample was collected, and the elapsed time between the storm sampled and the end of the previous storm. During 1992, rainfall from the beginning of the sampled storms to the time the last discrete samples were collected ranged from 0.09 to 0.48 in. During 1994, rainfall from the beginning of the sampled storm to the time the last discrete samples were collected ranged from 0.12 to 1.58 in. For comparison, total rainfall from the beginning of the sampled storms to the end of the sampled storms ranged from 0.09 to 2.10 in. during 1992 and from 0.44 to 1.59 in. during 1994.
Most samples were collected manually, but the automatic samplers collected samples during 1992. On July 11, July 22, August 25, and October 8,1992, the initial three discrete samples at sites 1A, 4,2, and 3, respectively, were collected by automatic sampler.
The 15.4-acre drainage basin for site 3 is predominately a parking area, so the 0.09-in. rain on August 10,1992, produced an adequate volume of representative runoff. The 67.7 hours since the previous storm should have allowed the accumulation of materials on exposed surfaces in the drainage basin, which was the intent of the 72-hour regulatory requirement.
WATER-QUALITY DATA
Analytical results presented in this report are from NWQL except for pH and temperature values reported for the 1992 and 1994 grab samples and the bacteria values reported for the values were determined by USGS personnel as the grab samples were collected. The bacteria values were determined by USGS personnel in Iowa City after the samples had been cultured and incubated. Table 5 , at the back of this report, presents the analytical results for the 1992 grab samples. Water-quality properties, pH and temperature are listed first, and then the VOC are listed alphabetically. The analysis results of the 1994 grab samples are listed in table 6, at the back of this report. The format of table 6 is similar to that of table 5, but analytical results for cyanide, oil and grease, and total phenols are listed between temperature and acrolein, the first of the VOC. Bacteria data are presented at the end of the table after xylene, the last VOC.
In table 7, at the back of this report, analytical results of the 1992 composited samples are presented in the following order: nutrients (nitrogen and phosphorus species), trace elements (antimony, arsenic, beryllium, mercury, selenium, and thallium), total organic carbon, and the organic compound categories of acid/base-neutral organics (2-chlorophenol to 2, 4, 6-trichlorophenol), pesticides (aldrin to toxaphene), and poly cyclic aromatic hydrocarbons (acenapthene to 1, 2, 4-trichlorobenzene). Table 8 , at the back of this report, is similar in format to table 7, but the 1994 composited sample results include waterquality properties (specific conductance, pH, chemical oxygen demand, and alkalinity), dissolved and suspended solids, and major ions (calcium to chloride), and several more trace elements (cadmium, chromium, copper, lead, nickel, silver, and zinc).
The duplicate samples, replicate samples, trip blanks, field blanks, sampler blanks, and composited blanks are indicated by footnotes in the tables. 1 Elapsed time from site 3 rain gage was used because site 2 rain gage was partially obstructed. 2 Rainfall of 0.11 in. from 0455 to 0610 on October 8, 1992, did not produce significant runoff. Elapsed time from site 4 rain gage because site 5 rain gage was not installed until July 22, 1992. 4 Rainfall of 0.11 in. from 0455 to 0610 on October 8, 1992, did not produce significant runoff. [RS, total rainfall from the beginning of the storm until the last sample was collected; IS, peak intensity of rainfall from the beginning of the storm until the last sample was collected; Total, total rainfall for the entire storm; Elapsed time, time between the storm sampled and the previous storm of greater than 0.10 inch; in., inch; in/5 min, <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <20  <2000 
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